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Effect of graded levels of rapeseed oil in isonitrogenous diets on the development of the gastrointestinal tract, and utilisation of protein, fat and energy in broiler chickens
Introduction
Fats and oils are frequently included in broiler diets in order to increase energy density. Several experiments have shown that an increase in energy concentration results in a decrease in feed intake but does not negatively affect daily gain, resulting in an improvement in feed efficiency (Hulan et al. 1984; Nir et al. 1994; Zollitsch et al. 1997) . Earlier experiments with growing pigs with either addition of animal fat or rapeseed oil showed that digestible fat improved the efficiency of utilisation of metabolisable energy (ME) substantially (Just 1982; Jørgensen et al. 1996a ). However, fat inclusion in broiler diets affects carcass fat quality, because dietary fatty acids can be incorporated directly into body fat (Olomu and Baracos 1991; Scaife et al. 1994; Engberg et al. 1996; Jakobsen 1999; Mlodkowski et al. 2003) . Furthermore, the efficiency of utilisation of ME is improved, since the energetic costs of intestinal breakdown, and transport to and synthesis within the liver are avoided (Krogdahl 1985) . In addition, the absorbed fat or fatty acids can be directly deposited in adipose tissue without any biochemical transformations which makes the efficiency of ME higher than from dietary protein and starch or fibre (Just 1982; Jørgensen et al. 1996a) . Nevertheless, fats used in farm animal diets are extremely diverse in chemical structure, which influences their energy value to a great extent (Huyghebaert et al. 1988; Wiseman and Salvador 1989; Nir et al. 1994; Scheele et al. 1999; Zheng et al. 2006; Straarup et al. 2006) .
It has been shown that dietary fibre exerts a hypertrophic effect on the visceral organs especially on the gastrointestinal (GI) tract (Hansen et al. 1992; Savory 1992; Jørgensen et al. 1996b ). The effect has been ascribed to increased amount of digesta and its viscosity (Simon 1998 ) which also can be caused by dietary fat (Da¨nicke et al. 2000) . The apparent digestibility of fat and fatty acids is dependent among other factors on chain length of the fatty acids, the ratio between unsaturated and saturated fatty acids, the degree of esterification and the position of fatty acids on the glycerol molecule, as well as dietary factors as crude protein, crude fat and the level of fibre in the diet, and the amount and composition of endogenous fat (Krogdahl 1985; Wiseman and Lessire 1987; Jørgensen et al. 1992b) .
The objective of the present study was to determine the effect of increasing dietary levels of rapeseed oil on growth performance, development of the gastrointestinal tract, nutrient digestibility as well as energy and protein retention. Furthermore, ileal digestibility of dry matter and nitrogen was determined at slaughter.
Materials and methods

Animals and diets
A total of 36 female broiler chickens (Ross 208) were kept at 288C and fed a commercial starter diet from day-old to 12 days of age (in g/kg; wheat, 502; peas, 160; soybean meal, 220; fish meal, 30; DL-methionine, 2; animal fat, 20; vegetable oil, 90 and minerals and vitamins). Then 32 chickens were selected and randomly allocated on four groups in two series. Each group included two extra chickens for substitution if necessary. The animals were placed pair-wise in metabolism cages in an air-conditioned room at 248C in the first two weeks and at 228C in the last two weeks. Relative humidity was 60-65% and a 24 h light regimen was maintained.
The diets given in meal form were based on wheat and soybean meal with graded levels of rapeseed oil of 0, 4, 8 and 16% (groups 1, 2, 3 and 4, respectively) from 12-42 days of age (Table 1 ). The rapeseed oil was double low (fat, 999 g/kg; GE, 40.35 MJ/kg) and was provided by Aarhus Olie A/S (Aarhus, Denmark). All diets were adjusted to about the same digestible protein level by addition of fishmeal, lysine and methionine. In the last balance period 0.2% chromic oxide was added to the diet as a marker for determination of ileal digestibility of dry matter and protein at slaughter.
Housing and measurement
Four balance periods of five days were performed with 2 d in between during which no collection of excreta took place. The chickens were fed similar amounts of ME per day. The feed allowance of the chickens of the four groups was 100%, 92.5%, 86.2% and 75.7%, respectively, where the daily feed intake of the first group was kept as close to ad libitum feed intake as possible. Water was available at all times. Weekly feed consumption was recorded, and the droppings were collected daily from each cage of two birds and stored at 7188C for analysis. Two 24 h measurements of gas exchange in two open-air circuit respiration chambers were performed during the second and third day of each balance period. Heat production was calculated from the gas exchange measurements (VO 2 and VCO 2 ) and the carbon and nitrogen balance measurements according to Brouwer (1965) . Measurements were done on two cages including four birds. Further details about the respiration chambers and the employed procedure are given by Jørgensen et al. (1996b) .
After completion of the experiment the animals were killed by mechanical stunning and the content of the gastrointestinal (GI) tract was removed and weighed and the weight of the digesta-free empty body and GI tract of each chick were recorded. The heart and liver were also weighed. Digesta content of the last 10 cm of the small intestine was collected for estimation of ileal digestibility. Feed and water was available until killing to ensure digesta to be analysed at the ileum.
Analytical methods
All analyses were carried out on freeze-dried material except the diets, which were analysed on an air-dry basis. DM content of feed and droppings was determined by oven drying at 1058C for 20 h. All the following analyses were done in duplicate: protein (N Á 6.25) by a modified Kjeldahl method (93/28/EEC) using a Kjell-Foss 16200 autoanalyser (Foss Electric, Hillerød, Denmark). Energy was determined with a LECO Ac 300 automated calorimeter system 789-500 (LECO, St Joseph, Michigan, USA) (ISO 9831:1998) . Carbon was measured by means of electrical conductivity as described by Neergaard et al. (1969) . Fat (HCl-fat) was extracted with diethyl ether after acidhydrolysis (Stoldt 1952 ) and the composition and amount of fatty acid methyl esters were measured using gas-liquid chromatography after saponification and methylation as described by Rotenberg and Andersen (1980) with substitution of hexane with heptane and with C17:0 as the internal standard. Chromic oxide was measured using the method of Schu¨rch et al. (1950) . Starch was measured by the enzymatic procedure reported by Bach Knudsen et al. (1993) .
Calculations and statistical analyses
All calculations of gas exchange were carried out on the means of four chickens as kept in the respiration chambers while the other data was calculated on the basis of two chickens kept in the same cage. All statistics were analysed by using the MIXED procedure of SAS (Littell et al. 1996) . Mean values are reported as Least square means (LSMeans) values and root mean square error (RMSE) and statistical significance was detected when p 5 0.05. Dietary effects on animal performance and organ characteristics were analysed using the following normal model:
Digestibility of nutrients and metabolism of energy and protein were analysed using the model:
Y ijk is the observed independent variable, m is the overall mean of the observations, a i is the main effect of rapeseed oil (i ¼ 0, 4, 8, 16%), b j is the effect of series (j ¼ 1, 2), g (b) jk is the effect of period (k ¼ 1, 2, 3) within series and e ijk is the residual error component.
Results
Due to technical reasons all data from period 3 was deleted. Body-weight gain was higher when rapeseed oil was added (Table 2) in accordance with the supplied ME intake (cf. Table 4 ). No effects (p 4 0.05) of dietary inclusion of rapeseed oil on liver and heart weight relative to empty body weight (EBW) were found. Digesta weight in the gastrointestinal (GI) tract (gutfill) increased linearly in relation to dietary fat intake (2 g for each percentage rapeseed oil added) indicating a slower rate of passage. Both the empty weight and the length of the small intestine increased with increasing rapeseed oil in the diet (p 5 0.05); in particular the crop increased considerably in weight relative to EBW (p 5 0.05). The ileal digestibility of dry matter and crude protein, measured using chromic oxide as indicator when the chicks were slaughtered, did not differ significantly between the dietary treatments ( Table 3 ). The result of the faecal digestibility is shown as the overall mean of all periods as no significant interactions between periods and diets were detected. The inclusion of rapeseed oil had no influence on digestibility of dry matter and organic matter. The digestibility of fat increased from 51-89% with addition of rapeseed oil, whereas the digestibility of the total carbohydrate (starch þ sugar þ fibre) dropped from 81-77%. The metabolisability (ME in % of GE) increased with inclusion of rapeseed oil in the diet.
The intention was to supply the chickens with equal daily amounts of essential nutrients as protein, amino acids and minerals. This was also achieved as there was only minor difference in either protein intake or protein retention (Table 4 ). The apparent fat digestibility increased with level of inclusion since lower proportion of endogenous. There was no significant difference in ME-intake between the treatments, which was in accordance with the experimental design. The supplied ME was used differently among the be expected with the high energy density of rapeseed oil. The high efficient utilisation of rapeseed oil was illustrated by decreasing heat production expressed as HE (MJ/kg DM) or relative to ME intake (HE/ME) [%] and increasing retention of energy both expressed as MJ/kg DM and relatively to ME (RE/ME) [%] . There was deposited relative more energy as fat (RE-fat in % of RE) and less energy as protein (RE-protein in % of RE) with increasing intake of rapeseed oil. Expressing ME and RE in relation to metabolic live weight (W 0.75 ) showed the same trend as described above. Partial fat digestibility and partial energy utilisation of the basal diet and the added rapeseed oil was found by regression analysis (Table 6 ). The digestibility of fat in rapeseed oil was found to be 91.1%, in contrast to the much lower value of fat digestibility in the basal diet (60.2%). Similar use of the regression analysis to estimate the utilisation of the gross energy (GE) of the basal diet and the added rapeseed oil showed that 85% of GE in rapeseed oil could be used for metabolism in the body, thus resulting in an apparent metabolisable energy (AME) value of 34.30 MJ/kg (GE of rapeseed oil 40.35 MJ/kg Á 0.85). The regression analysis revealed in similar ways that 26.2% of GE would be dissipated as heat and 58.8% of GE could be expected to be retained as energy in the body.
Discussion
When comparing rapeseed oil with soybean oil, rapeseed oil has about a two-fold higher content of oleic acid (18:1n-9) while linoleic acid (18:2n-6), the precursor of arachidonic acid (20:4n-6), is 50% lower (Jørgensen and Ferna´ndez 2000) . Linolenic acid (18:3n-3), the precursor for the nutritionally important fatty acids 20:5n-3, 22:5n-3 and 22:6n-3, is also in higher concentrations in rapeseed oil than in soybean oil and especially higher than in sunflower oil (Wiseman et al. 1992; Ortiz et al. 1998) or palm oil (Zumbado et al. 1999) . Double low rapeseed like the one used in the present experiment had a content of the unwanted erucic acid (22:1n-9) that was below the detection limit. All chickens obtained similar daily amounts of ME as determined in energy balance studies (Table 4 ). The rapeseed oil linearly increased the amount of gutfill by 2 g/kg BW for each percent of added rapeseed oil. This is within the same range as reported for broiler chickens fed increasing levels of dietary fibre (Jørgensen et al. 1996b ) and the result demonstrates that gutfill may contribute significantly to live weight depending on diet composition. The explanation is likely a slower rate of passage as fat is shown to slow down the gastrointestinal emptying (Gregory et al. 1989) .
The empty weight of the crop, small intestine and subsequently of the total digestive tract was significantly increased with higher dietary fat content and the length of the small intestine increased as well. Da¨nicke and co-workers (2000) found similarly that increasing addition of fat in form of tallow in a rye based diet increased the empty weight of small intestine which they suggested could be a result of trophic effect on the intestinal mucosa together with an increased viscosity. In another experiment with broiler chickens fed increasing amount of specific structured triacylglycerides at the expense of rapeseed oil Zheng et al. (2006) reported a decreasing weight of the small intestine and colon. A similar hypertrophy of gut tissues has been found in studies on different types of dietary fibres (Savory 1992; Jørgensen et al. 1996a; Simon 1998) , and with other animal species such as the rat (Hansen et al. 1992; Zhao et al. 1995) and pig (Jørgensen et al. 1996c) . Thus, there is ample evidence that dietary fibre may cause a significant expansion of the gastrointestinal tract. In the present experiment the relative proportion of starch from pea increased with added rapeseed oil according to the experimental design and pea starch is shown to be less digestible than starch from wheat (Weurding et al. 2001; Carre´2004) . Therefore, it cannot be excluded that the increased hypertrophy of the gastrointestinal tract has an impact on intestinal microflora, viscosity of the digesta and intestinal transit time (Da¨nicke et al. 1999a; Knarreborg et al. 2002; Maisonnier et al. 2003) .
Digestion of fat in poultry is to a large extent depending on bile salt secretion (Kussaibati et al. 1982; Krogdahl 1985; Knarreborg et al. 2003) , and is a limiting factor for the micelle formation especially in young birds fed unsaturated fatty acids (Wiseman and Lessire 1987) . The curvilinear pattern of fat digestibility shown in Table  3 demonstrates that endogenous fat originating from bile (Jørgensen et al. 1992a) , desquamated cells or exudation from the mucosa had higher impact on the apparent fat digestibility at low dietary fat levels than at higher levels (Jørgensen et al. 1993) . Expressing the intake of dietary fat on digested amount of fat in absolute amounts a linear relationship is revealed and the partial digestibility of fat can be found by regression (Jørgensen and Ferna´ndez 2000) . The digestibility of rapeseed oil was relatively high (91.1%; Table 6 ) and similar to refined sunflower oil (Wiseman et al. 1992) , but lower than the digestibility of fat in full-fat sunflower (Ortiz et al. 1998 ) and that in rapeseed meal (Chibowska et al. 2000) .
The ileal dry matter and protein digestibility in the present experiment (Table 3) was in the same range as found by Da¨nicke et al. (1999b) in experiment with broilers feeding either soybean oil or tallow based diet. Increased utilisation of dietary protein (retained protein % of protein intake; Table 4 ) suggests a positive effect of the supplied rapeseed oil as also shown in a previous experiment with growing pigs (Jørgensen et al. 1996a ). Li and Sauer (1994) found in experiments with pigs that the ileal digestibility of most amino acids increased linearly with addition of rapeseed oil. The effect of additional dietary fat on protein digestibility could be caused by delayed gastric emptying (Hunt and Knox 1968) , thus supplying the intestine with a more uniform flow of digesta. However, as should be pointed out other factors could also contribute to increased protein utilisation. A higher proportion of the dietary protein was supplied by soybean meal and crystalline amino acids with higher protein digestibility and less pea protein with lower protein digestibility (Perez et al. 1993; Grosjean et al. 1999) . The decreased digestibility of total carbohydrate (starch þ sugar þ fibre) seen when rapeseed oil was added could be explained by a relative higher proportion of carbohydrate from pea at the expense of carbohydrate from wheat. Starch from pea is more resistant to the digestive enzymes than starch from cereals as wheat due to the starch granule structure (Grosjean et al. 1999; Weurding et al. 2001; Carre´2004) .
The estimated AME value of 34.30 MJ/kg DM was in the same range as that reported for other vegetable fat sources of similar fatty acid profile (Renner and Hill 1960; Huyghebaert et al. 1988; Wiseman et al. 1992) . A lower AME value of rapeseed oil (33.5 MJ/kg) is published by Scheele et al. (1999) and a higher (35.6 MJ/kg) in the European Table of Energy Values for Poultry Feedstuffs (Working Group no. 2, 1989) . The AME value found in the present study was somewhat lower than found for growing pigs (38.28 MJ/kg) in a similar study design (Jørgensen et al. 1996a ). In a comprehensive study Sibbald et al. (1990) compared AME between pigs and cockerels (84 samples) and found that pig AME value were generally higher than the poultry AME. The best relationship of AME values was found for cereals and mixed diets. Likewise, Wiseman et al. (1998) found a close relation between AME value of fats and oils between pigs and poultry except in very young birds (1.5 weeks of age).
The intention was to feed all groups of chickens equal daily amounts of ME which was also achieved, except for a slightly lower intake in chickens fed the control diet (Table 4 ). The daily gain (Table 2) followed thus closely the ME intake. With more rapeseed oil in the diet the supplied ME substrate changed the energy utilisation towards more energy deposited as fat and less deposited as protein and carbohydrate. This is also reflected by the improved efficiency of energy for retention. Heat energy relative to ME decreased and consequently more energy is available for retention. This is in agreement with the generally accepted view that ME from fat has a much higher efficiency than ME derived from protein, starch or fibre (Just 1982; Jørgensen et al. 1996a ). However, the higher GI tract hypertrophy in chickens fed high level of rapeseed oil suggests that part of the energy is retained in visceral organs and not solely in muscles.
In conclusion, rapeseed oil has been found to have a positive effect on feed utilisation as well as digestibility of nutrients and energy and utilisation of protein. Thus, could exert positive impact on reducing the nitrogen excretion and be of benefit for the environment.
